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Annuel Renort
Development & Resenrch Activities
Fiscel Year 1935

The following subjects sare coversd herein in the
order listed.
1l - Centrifugal Casting
2 - ¥elding
Aramor Plate

e
]

- Non-metallic Elements

- Corrosion

- Corrosion Resisting Wuterinls
Eroslon

- X-Ray Diffrsction
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- X~Rsy Radiogranhy

10 - Spectroscovy

11 -~ Gun Forginge

12 - Maero-Etching

13 - Metallographic Work

14 - Physicsl Properties of Materials
15 - ¥anganese Problenm

16 - Tinless Solder

17 - Speoificatlons
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Document 2050
Aotivities vith Technicel Socletles

Organization
Equipmeni

=Pe

il vl s il ekt S Dtz

ol S T o

b Sl

! e el
wideth Lol

btz i 0 oty




= ;@%%ﬁg%:%: e

=
==

i
e

CENTRIFUGAL CASTINGS

1. Induotion Furnsce Practice.
The all wooden furnace construction has proven to be

highly successful for ssell sizes. The 120-1b. furnsce
built at the end of the peet fiscal year has melted and
poured about 400 heats on twe linings, oue scid &nd one
basic. Of these, 376 wers 1l8-8 stainless sentrifugslly
caat by the foundry at the U, 8. Mavy Yard, Cherlestown,
Easa. & new sGognesia lining hae been installed without

the need for any rspalir work whatgoever on the coll or

the furnace proper. Since comserclel furnscee of this

type ars usually entirely rebullt after 300-600 bests,
this 18 wvery gratifying. The 120-1b. furnace draws

7?6 Kilowattes at 800 Volts and =elts 120 lbe. of steel

in sbout 30 minutes. A furnsce tc érav 100 Kilowatts

at 800 Voltes to melt 300 1lbs. of steel i:. -~bout 45
minutes hae been bullt of &l wooden conmstructiv. This
furnace has melted snd poured &dout sixty heats without
troubls. The cost of theee furnaces was $28.00 and
$36.00 recpectively for labor and materials.

Acid linings are still put in as describaed in the
previcus annual report. For the preparation of 18-8
stainlece steel, & basic lining was considered desirsble.
A mixture of 307 eleotriceally cintered magnesir and 10f
RX 868 (e magnesia cereat manufactured by the Norton Co.)
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1ightly tenpered =1th water was inetslled exactly as the
scid linings &re installed. The first lining gave 370

L
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heats without orasking or other trouble. 0Oa Temoval, 1t f

wae in perfect conditicn. The cost of materlale and lsbor

tc install this lining wee $3.76. The cost of a magnesis
orucible for & similar furnace 1s $12.50. 150 heats is
excellent life for a preformed magnesia crucible. This
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indicates that good basic linings cen be installed without i

use of the preformed crucible.

o

~

After some careful experimentation, entirely on pro-

)

duction or laboratory heats, the use of & slag composed of

Hm onge

L.

equal parts of red clay, dry lime and oryclite has become
etandard. This 1s used entirely a&s a finishling slag on %
acid-lined furnaces: the highly siliceous melting slag o

f

being removed before ite application. Samples of this ;

slag taken from ladles and runner boxes after pouring
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the heat analyse approximately as follows:

FeO 5% En0 18%

Cuo 2% AlpOs 95

S10p 45% Compounds containing !
Ka 24% |

¥ith this slag, sharges averaging 0.025% Sulphur are

giving 0.015% Sulphur after pouring.
With basic linings now available 1n addition to acid

linings, and with the encoursging results cbtained, preper
N research into the poseiblility of ;roparing superior quality
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steel in the high frsquency furnace Copears highly desiredle.
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8. BStudy of Metals.

A total of 133 castings have been poured from the
60~-1b. and 120-1b. furnaces into the iodcl casting machine.
These have been of a wide variety of metals: various alloy
steels of gun forging, engineering and stainless grades;
bronte and a variety of copper-nickel alloys.

The gun forging steels have been cast and tested with
two viewpoints in mind:

¢. To improve the ductility figures obtainable

in metal having strength characteristics as
now required.

b. To obtain high strength figures without

fallihg below existing gun forging
duoctility limits.

The elimination of the lustrous cavity imposed the
condition that ocarbon should be down to 0.30% or under.
The results of these investigations may be summarized as
follows:

&. With Carbon between 0.20% and 0.30%, ocastings

can be made with a Proportional Limit between
76,000 and 80,000 1bs. per sq. in., a Tensile
Strength between 985,000 and 100,000 1bs. per
8q. in., with Elongation over £26%, Reduction
of Area over 65% and Charpy over 40 ft. lbs.
This may be obtained with simple steels such
as 0.30% Molybdenum, 1.6% Nickel, 0.10% Van-

adium; 0,80% Molybdenum, 0.10% Vanadium;
-b-
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1.0¢ ¥olybdenum, C.10Z Vanadium. There are
2 indioations that 1.5% Copper is more valuzbls
§ than 1.5% Nicval.
ith Csrbon between 0.10% and 0.20%, castings can be
made with 2 Proportionel Limit between 75,000 and 30,000
lbs. per sq. in., & Tensile Strength of vuver 100,0C0 1lbs,
K per gq. in.,, with Elongation over 25%, Reduction of Area

over ©5%, and Charpy ovar 45 ft. 1bs. Thls mey be ob-
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ed with simpie steele such &8s 0.50% Nolybdenus,

tain
= _; 2.5% Manganese.
- _ b. A Proportional Limit of over 110,000 1bs. per
- ; 63. in., with a Tensile Strength of over 125,000

1bs. per sc¢. in. may bs obtalned with Elongation

W

over 18%, Reduction of Area over 45% sad Cherpy
over 26 f£t. lbs. These results can be cbtalned
with the v.rlcus steels menticned in & above

with proper heat treatment.

[
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The resulte were obtalined from transverse bares taken

midwall in cestings having an Outside Dieneter of 5-3/4"
and an Inside Diameter of 1-1/2°.

The heat treatment of the standerd compoeiticn is
fairly well understood. It becomes increasingly evident
that preperation of steels to far exceed existing gun

forging speciflcatione requires & complete kEnowledge of
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hest treatment operaticne. Thus, 1t hae been established

that the 1150°C 28-hour normalli:zing treatment given ths
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atondard csomposition, lwe little effeoct o & Chromivm-
Nlokel-Molybdenum oomposition. With proper heat treatment,
the latter stees) should produce superlative results. De-
velopuent of the heat treutment pracitioce along with the
melting and casting practice denands thelr control by a
aingle individual., Insufflicient personnel has prevented
this, and hws provided w sericus handlocap to proper pursult
of the work.

Applioation of the results of this researoch has been

unde to gune falling into two clasces:

&. Bpecifiocation:
96,000 118, 000 18% 30%
(U.B.Navy - 191 MG MKl - not cold worked)
Qompogition
c .86/,36 8 and P /0.02
Mn .90/1.10 Mo 48/,68
81 .18/.86 Va 0.10

Yinal draw temperature - 6856°0C,
This has met the specifiocation with Elongation 20% and
Reducstion of Area 58X,
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b. Bpecification:
P. L. Z. 8. Elon. Red. Charpy
65,000 95, 000 18% 30% 24 ft. 1bs.

Composition

c .20/.30 Sand P [fO.02
¥n .60/.80 Ho .45/.56
81 .156/.26 Va 0.10

Final draw temperature - 630°C.

Thies has been glving:
P. L. T, 8. Elon. Red. Charpy

80,000 98,000 24% 60% 35 £4.1bs.

on 76 mm. Pack Hecwitzers.

Trouble has been experlenced with flakes due to
insufficient knowledge of heat treatment, especially with
the .10/.20 Carbon, 0.50% Molybdenum, 2,56% Kanganese, which

offers superb possibilities.

5. Development of Eguipament
The design of “he casting for the 1%1 MG MKl USK called

for a2 mold of complicatsd interasl shape. The boring of
thie hole 1ln the heavy £0lid mold presented great difficulty
and wes & very exzpensive operation. £ince the design of
one-plece guns calls for & heavy chamber and breech section
wiih a comparatively slender tespering tube, it is expected
gomplicated mold shapes will be the rule. MNoreover, it

ssems probable that curves will come back as external gun
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shapes which will be made from one-plece castings.

The model casting machine has been cut in half %o
perzit making eastings up to 6% in dlemetsr and 2 meximum
of 50" long. The new air-cooled machine s completed and
instslled in Bullding 41, ready to opsrzte when the remsval
of the plant is completed. It seemed loglcal to attempt to
cast the thin-walled molde with the hole cast ready to use.
This involved developlng a foundry technique in making molds
and cores which could be used for this purpose. A 1liait of
4+ 0,01" wes taken for straightness and roundness with #
0.10" for dimension., OCores were resmmed up in espescially
constructed cors boxes on especially machlned arbors. Thess
arbors were suspended 1n the core boxes, drawn vertically,
turned vertically to true up the core, dried, suspended in
the mold on & veriical machined pln and poured with com-
plicated gating. After several attempts and fallures, two
thin molda, ons eylindrical and one tapered, were cazt which
f2ll within the tolerances presoribed. OConslderable work
remeing 5 be done to perfect the method for producing
longer molds. Ultimate reeults in cost of molds, mold 1life,
&and rapidity of sanufacture are bellieved to Juetify the
work.

The use of ertificial cooling is definitely successful
for small sigzes. HE=zintenance of an cuter ®old surfsce temp-
erature of 500-800°C produces & chiil that 1s equivalent to

that produced by the heavy molds in the older machines.
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This can be done by blowing air at 105 1lbs. per sq. in.
through 7 holes 3/32" in diameter on the rotating cest
iron =014 having &an Inside Diameter of 5.756%, an Outside
Dismater of 7.1% and 2 length of 1*. This figure varies
directly with the dizmeter of the mold. The possibility
of super-chilling the =stesel by use of more air and molds
of higher condustivity than cast iron is very inviting.

A second great advantage developed by the air-cooled
machine is the possibility of operation over extended
paricds of time without having %o suspend operations %o
cool the machins. Oastings have been poured at an aversge
rate of 1 every 30 ainutes for as long as € hours without
any sign of over<hsating.

The firet attempt to pouwr castings.of complicated
ghape otcurred last year with the double taper tube mold.
Experience with the 1%1 HG mold, which has five tapers,
indicates that the single taper limitsation is definitely
overcome. With ample fillets and no steep tapers, no
trouble ig experienced. This renders all of ths molds on
hand {except the 171 KG) obsolete.

Several minor changes heve been made in the equipzent.
Host important of these are instellation of an oil Tilter
and davelopment of = new spout gage. The forumer obvistes
the necessity for throwing sway oill after one use. The
lzatter has faciliitated spout adjustzent. The only msjor

-10-
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dlfF culty nsxpevienced in the casting operation 1ls due to
the fact that the furnace, pourlng device and runnsr “ox
form a single wnit moving on & track. When the plant 1e
moved to Bullding 41, & new design which has been completed
will be used. The pouring device 1s perwanently installied.
The runner box sets on ways permanently established forward
of the machine with only enough wmovement to permit of spout
insertion.
Development of a few other ulnor improvsmenta in deteil

18 covered in Experimental Report No. 386, Watertown Arsenal,

4. Development of the Process.

Using the model machline, castings have been made of
various stainless steels, bronze and a variety of copper-
nickel alloys. These experiments were based on enlarging
the scope of the process to include the casting of thin-
walled castings for recoll and recuperator coylinderse. The
bronze castinge wero utter fallures due entirely to peoor
quality metal. The stainlees stesls proved excellent? and
&re undergoing thorough lnvestigatlon.

Several full-size castinghsve been made with uniform
success. The question as to the valus of the material for
recoll cylinders has not yet been settled. The monel ex-
periments were & repetition of those done last year. In-

formation was received from the International Nieckel Co.
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that the plg metal supplled was of poor grade. According-

ly, they furnished new material and a supply of alloys,
deoxidizers, etec., for a repetition of the experiments
under the guldance of ¥r. Kayes of the Company.

The castings were successful this year--especlally the
K Monel. As cast bars, cut transversely from the centri-
fugal castings, have properties as high ae 44% Elongation
with 83,500 lbs. per sq. in. Tenslle Strength, and, after
thermsl treatment, 35.7% Elongation with 102,500 1bs. per
8q. in. Tenelle Strength. These results are encouraging
&nd open up & fleld for development. Holds have been de-~
gigned for all recoll and recuperator ¢ylinders but none
have &8 yet been cbtained. A good melting praoctice has
been scquired, thanke to the excellent instruction of ¥r.
Kayes.

The most important development of the process was the
ettempt fo run &t something near o capacity over a perlod
of one month., In December, 1954, 93 centrifugal osstings
were cast with only S rejections in the foundry. The plant
operated b dsys per week, B hours per day. Plans called
for 7 castings per dsy, 4 daye per week. This ascheduls was
met using a total of seven men ineluding supervision. fhie

included manufacture of all seals, spouts and {ittings at
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a rate smple to insure continuved produetion. No trouble was

experienced in maintaining the schedule.




WELDING

The experimental welding program for the past year has
been primarily concerned with the welding of alloy steel
plates of 1/2" and greater thiocknesses and the repair of
steel castings. Conslderable welding of stainlese stesl
castings for the Navy Wet Mounts has been effected without
any preliminary experimental welding program.

Laboratory Reports Nos. 642/70 and P64£/76 were pre-
pared covering the work done on three grades of 1/2" struct-
urel niokel steel plate. This work was promoted by the need
for & commercially obtainable alloy steel electrode suitable
for welding 1/2® niokel steel plate and heavier to obtailn
full plate strength acroes the welded joint. Tensile
strengihs of better than 100,000 lbs. per sq. in.,with an
elongation of 18% aoross the weld and a tensile impact strength
of 600 f£t. 1lbs. were obtained with a nickel-molybdenum eleo-
trode in the “flat® position. A need for a suitable "position®
type alloy steel eslectrode appears to exist, as none of those
tested appear to be of this type.

A preliminary study is being made of several struotural
molybdenum a&lloys, one of which has a tensile strength of
100,00011b|. per 8q. in.,and all appear to be easlly weldable.
One significant difference between these molybdenum alloy:
and the structurel niockel 1s their freedom from air hardening
alongside the weld in the heat affected zone. Test data on

-13-
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weld strengths on the molybdenum plate are not yet avallable
sc that comparisons of strength cannot be made &% this time.

It 18 belleved possible that & sulitable high tensile
structural alloy steel can &nd will eventually be developed
which will be amply sufficient for Ordnance engineering pur-
poses and not affected by the heat of welding to any epprec-
iabls degree.

The results of a detailed study of the heat effent of
weldlng on the parent metal adlacent to the weld are given
in Report No. 640/27, which is a thesis submitted in the
Harvard University Schocl of Hetallurgy toward the degree
of Doctor of Sclence in Hetallurgy by Mr. ¥, G. Theieinger
with whom the Arsensl has cooperated in carrying on the work.
The results of this study ehould be ¢f intereat to anyone
concerned with the application of weldlng ag comparisons of
heat effect are given for plain carbon steel (0.17% C-0.53% C),
chrome-molybdenun steel (0.33% C and 0.52% C), shree struct-
ural nlckel steels and two structurel molybdenu:m stsels.
Apparently, 1ittle thought has been given to the question of
the heat effect of welding by those concerned with the devel-
opment of high tensile steels.

Some studles of the effect of & 800°C stress relieving
trzatment on welded Jjolnts on thln structural nickel plate

{1/4" and under) have indicated a considerable ch=ngze ’n the
heat affected zones adjacent %o the welds and & considerable

increase 1n the strength of the jolnts under dynamic loading.

~14-
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Tests made on structural carbon steel by various industrial
concerns have not shown similar changes due to stress reliev-
ing so that one might assume the difference to be due entirely
to the different characteristics of the two classes of plate
material or to the different methods of testing the welded
Joints.

In order to obtain information on this point, an invest-
igation of the effect of stress relieving butt jointe on 3/4"
plate, welded with bare and covered low carbon electrodes of
ocommercial types, was conducted. Both struoctural carbon and
nickel steel plate were used. The resulte have not yet been
prepared as & laboratory report becaure it is planned to
conduct a check test on the nickel plate, using a suitable
alloy steel electrode and it is bellieved desirable to report
all at one time.

Two types of tensile test specimen and three types of
impact specimen were used in testing the welds. Effects of
the heat treatment observed were a slight reduction in
ultimate tensile strength with a slight increase of elon-
gation across the weld. The proportional limit was reduced
about 5,000 1lbs. per sq. in. in the weld metal and the Joint
itself. There was no noticeable change in the impact results
due to the heat treatament.

with the covered electrode, the proportlopal limalt orf
the joint was ayvoroximately 50,000 1lbs. per 8q. in. on the«

«16~
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nickel plate and 40,000 1lbs. per sa. in. on the carbon
plate. Ths propertional limit of the weld metal was approx-
imately 85,000 1bs. per sg. in. on both plates., Thie char-
acterlstic of the weld metal seems rather remarkable when
1% 1is realized that the carbon content is on’y sbout 0.12%.
It is difficult to imagine & cast stesl of this carbon con~
tent possessing phyeleal charactsristice as described hers.
A herdness survey of the weld grose-&ections and heat

affected zones showed maxisum hardnesses as follows:

Plete Ag Yelded Stress Relleved
Carbon 209 181
Hickel 437 248

These figures are 1lsolated maxims and occur generally
in the heat affected rone of the 2eal bead. These average
hardnesses of the heat affected zonee are lower than would
be the cese with a single layer weld on thin sheet. Hence,
gtress relleving does not show the same change of impact
strength.

The strength developed by & butt Joint welded with &

gertain electrode is not necessarily indleative that suitable

fillet wealded Joints can be obtalned with that elestrode on

the same grade of plate material. In order to obtain design

data on the strength of fillet welds on structural nickel

steel plate of 3/8" to 1' in thickness, considerabls prelim-

inary work has been done 1n making up welded specimens with

bare and covered low carbon electrode. Alloy steel slectrodes

IR e



have not been inoluded because a suitable electrode of that
kind for structural work has not been obtainable. It was
declded to test the poseibilities of using commercially ob-
tainable low carbon electrodes and determine the strengths
which could be developed with this classe of slectrode so
that this data could be used as a basle for lster selection
of & sultable alloy steel electrode.

It was found impossible to make a fillet weld on 1/2"
and 3/4" thick nickel steel plate which would be free from
cracks except with bare electrode and three brands of cov-
ered low carbon electrode , all three of which were of the
“position" type. The half dozen or so alloy steel electrodes
of the "flat" type which were tried gave cracked welds. These
tests have not been completed, but it is belisved that ths
test procedure used to check electrodes for making fillet
welds on heavy nickel steel plate can be made of practical
use for checking electrodes and avoid unnecessary machine
work and testing of undesirable elesctrodes.

The program of manufacture of the castings for the iavy
6" 38 Cal. A. A. gun mount necessitated the repalr of oracks
in castings which had been finish-machined. Conslderabls
experimental work was required to determine the besst method
of procedure, and three castingz were welded before the ds-
tails had been worked out. The results of this work are
described by Laboratory Reports Nos. 647/2 and 647/3, to-

gether with recommendations as to repalr of similar castings

-17-



in the future.
A atudy of weld failures in base plates of 81 mm. Trench

il gl

dortars was made for Watervlliet Arsenal and welding instruct-

ion was given to 2 welder and an insvector from that Arsenal.

Report No. 642.1/27 covers the results of the sxamination of

o

wveld fractures on the base plates,
Tentative ¥elding Specification WXS8-31 was revised and

compiled in accordance with arrangement suggested by the

Ordnance Office. Coples of this specification have been dis-

tributed to the industry for criticlsm. The comment which
has been recelved has been mostly favorable and constructive,
This specification limits

St B SO o b b Y

but has not yet been incorporated.
the carbon content of nickel steel plate Yor welding to 0.35%.

s Qb o o

s

Work was started on a epecification for electrodes mod-
eled somewhat &fter that of the Navy which sets up an Approved

List of clectrodes,admittance to which 1s obtained on the

besls of electrode aualificetion tests mede 8% the manufasctur-

er's expense. is Approved List requires certain stasndsrds

of performance which are desirable, but has the disadvantsge

of & certain imck of control &fforded the welding organization

as the number of different commercial electrodes available

gain entrance to the list. It usually is more satisfactory

for the user to buy electrodes in small lots to avold open

bidding and obtain the type of slagtrode to which the welding

BTSSP

orgenization is eccustomed. It ig slsc posslble to juggle

the performance value of an electrode on ihe Approved List in

-18-
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order to insure obtaining that electrode on competitive
bldding schedules. It ig belleved to be impossible to
successfully draft an electrode specification which will
insure one brand of electrode being obtained on 2ll orders

for use in the welding shop.
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ARMOR PLATE

A comprehensive program has been carrled forward in an
effort to increase the ballistic efficiency of light armor
for protective plating. It may logleally be divided into
three phases: - (a) intensive study of existing plate and
of current manufacturing practices; (b) the development of
better plate compositionse, of improved methods of heat treat-
ment and of new types of plate; and (c) cooperative study
&nd investigation of armor plate projects submitted by

interested civilian agencles.

Metallurgloal investigation of representative types of
plates tested at the Aberdeen Proving Ground has been con-
tinued in order to find, if possible, eome relation between
the metallurgical characteristics and the ballistic efficlen-
ey of plates, and tc obtaln informstion on the mechenlsm of

penetration.

Microscoplc evidence and hardness surveys indlcate to

gsome extent the magnitude of permanent deformation under the

impact of armor plercing bullets. HKeasurement of the total

affected volume of metal participating in the transfer of

energy from bullet to plate may be possible wita some addlt-

st e, b bl

ijonal study. Such measurement should open the way for a
rational mathematical solution of this fundarental problen.
Studles of the microstructure of similar plates with

widely different ballistic properties has been atiempted.

i du“"!“[W"’WWNH i
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The results obtained thus far are not conolusive. Consider-
able data 1s being amassed, however, and definite information
should be forthooming in the next yoar or two.

Burveys of the hardness of succeseful ballistic samples
have shown a muoh greater variation than wae expected. The
results obtained may show why it has not, as yet, been
found poqslblo to establish a fair relation between hardness
and the ballistic efficlency of light plate.

The use of the impact test at several of the very low
velooitlies has established beyond doubt that the capscity of
any two metals to abeorb energy may vary markedly with the
veloolity of impact. Development of the high speed impact
testing meohine should open a wide fleld for the study of
the behavior of various armor plate steels at higher veloci-
ties and 1t is expected that the results of suoh work will
be extremely important in armor plate development.

Bome data concerning the various ocommercial manufactur-
ing praoctices have been ubtained. 8teps have beon taken to
make full use of the current orders for armor plate in ob-
taining more of this valuable information.

Various types of composite plates ocomprising layers of
homogeneous armor, soft steel and aluminum have becn developed.
Buoch plates have proved to be effeotive in stopping super-~
velocity soft bullets, suoch as the Gerlich, and equal t:= the
same weight of eolid plate in resistance tc armor plerci:g
bullets.
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Another mechanical meens of lncreasing ballistic ef-
ficlency has been undertaken in the preparation of fluted or
grooved plates. An important increase in efficlency was ch-
tained with grooved homoreneous plates. Samples tested at
the Aberdeen Proving Ground developed bellistic limite from
10% to 50% higher than the best flat plates of the same
compoeition that have ever been tested at the Proving Ground.
In addition, one of the grooved plates,with a welght equiva-
lent to that of 7/16" flat plate, defeated the T1 {High
Velocity) A. P. ammunition.

Forty 60-1b. ingots of promising stesl compositlio.s were
made, forged intc bars, and tested in comparison with the
usual 0.50% carbon homogeneous Chromium-#clybdenum-Vanadium
steel. Tenslon and impact test resulte indlcate that some
five or six of these steels may offer an improvement 1n
homogeneous plate., Additional small ingots of thesge compo-
sitions will be rolled into plate for ballistic test.

S8tudlees were made of the effesct of varioue prelinminary
heat treatments on homogeneous 0.50% carbon Chromium-
Holybdenur-Vanadium plate. The results indicated that the
present heat treatment (oil quench 1600°F Draw 1100°F) de-
velcps the maximum bellistic reslstance and that variation
of the prelinminary treatment by high temperature normalizing,
dcuble and triple-quenching, etc., does not lmprove the
a2ility of the plate to withstand armor plercing ammunition.

The Havy Department encountered difficuliy with special
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treatment steel for protective plates. Some of their plates

shattered when tested at low temperatures. In & cooparative
program, & speclal Charpy impact test was developed &t this
arsenal tc plek out plates with this defect. As & result of
this program, this areenal isg now making simller tests on all
acceptance test plates ordered by the Navy Department.

About twenty snort programs were carried out on samples
submitted by interested civilien agencies to the Ordnance
Office ané to thie ersenal. These pregrams involved (a)

methods of applying hard faces to plate, (b) multiple layer

plates, {c) vroposed types of bullet resieting alloye, etec.




NOR-HETALLIC ELEMEHTE

Centrifugally cast guns contain large amounts of
non-metallic elemente in various rangee of size. Contempo-
1 rary work and opinions of recognized metallurgists have

indicated that while large “inclusions® appear %c have no

detrimental influence on steel, the smasllest particles

probably play & very defirite role in deterzining either

I

the good or bad qualities of the metal in which they occur.

I I
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The program for this section of the laboratory was a micro-

o

scopic investigation of the effect of heat treatment on all

lﬂ

particlés of non-metallic elements in centrifugal castings,

T

f focussing nerticular attentlon on the fineet ones, and a
correlation of this dats with physieal properties.

It was planned to utilize the ultimate resolution of

L

ocur optical system in order to make & thorough study of ma-

terial in the lowest size range. Initial visual inspection

and photographing of the unetched metal surfaces at 3500
dlameters revealed that the preparation of the specimen was
unsuitable. The fine objective brought into view scratchss

which had been invisible at lower magnifications, shich

definitely obscured the presence of minute included matter

and w#hich gave the entire ares & rather rough appearance.

i " lil II ! lll |:||‘-||,| ||‘|;| ||‘||!|
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Although thie type of pollish had beea satisfactory for pre-

vious vork on metesllographic structures, iv was now evident

that etching must have obliterated &any objecticnable con-
Gitione and that the technlque would have to be greatly re-
fired before dependable examinatione of unetched specimens
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would be possible, It was essentlsl, therefore, to make &

preliminary study of metallographic polishing before pro-

ceeding with the problem cof non-metallic elemsnts.

A survey of sll svallable publicationz on the subjects
of the theory snd technique of metallographle pollishing re-

vesled that the procedures differ widely in detalls but n. 5

ﬂ‘|,‘ R x’\xlh“!“]‘m‘lfﬂi‘ :‘im.

greatly in essentials and led to the conclusion that & prop-

erly polished surface, in a large measure, is dependent upon

wl

the person who produces 1it.

"
¢

Mesnwhile, as & result of experlmental work, a decided

< inprovement in the quallity of our finlshed specimens wse

: acoompl! shed. This was due, not to the development of &

new technigue, but to the feollowing:

1. The adoption of suggestions contained 1in

several of the wrlitings which had been

analyzed.

2. The relevigation of cur abrasives to a

very fine size,

3. The developument of increased skill in

handling sanmplas.

4. A constant microscopic check on the

metal .hirough each step of the polishing

progess, noting carefully the condition

of the included matter and the depth and

aunber of the scratches. Inspeotion wae

made both at low and at high magnification

-8k~




[

using ordinary as well ag dark-fileld

illunination. Bpecisl equipment for

the latter wae purchased for thls

purpose,

Verification of the advance made in our own technique

wag effected by examining the polishing done by others. A
bar taken from a dlsc which had been slliced from a centri-
fugel cesting wee cut into seversl pleces. Three of these
were given & metsllographlic preparation in leborstorles
whicn heve been ovtstandlng because of thelr work on pol-
ishing, viz. Bell Telephone Laboratories, Unlon Carbon and
Carblde Laboratory and the Laboratory of Econoalc Geology
&t Harvard University. A fourth specimen from the ssme bar
wag nollshed at YWatertown. Comparison of the four surfaces
showed the deiinlte, sunerior cusllty of the work produced
here. It 18 best shown by means of 1lllustrations which will
be included in an experimenial report.

Although 1t 18 intended to aim constantly at an even
greater and necsessary improvement in our pollishing practice,
the present technique has bheen developed to guch & polnt
that the original problem ~ the study of the effect of

heat treatment on non-metallic elements - may now progress.
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CORROSION

Report No. 742/B, “Correosion of 3" 4.4, Gun ¥ount
M2 #5" was completed and distributed. Corrosion wae
found to have oceurred in this gun mouni vnich Bad been
submerged for 12 hours and left wet for ” more dsys. The
corrogion wae for the most nart mssocluted with metallie
ecouples. Stsel bards in the vicinity of bronre wers rusted.
The gresse that was used for lubricsting rurnoses sfter the
storm, but before inenection was found tc be highly =acidic
at time of inspectlon. Corrosion was found in the monel
cylinders of the ecullidbrator. This was attributed to pick
up of some dirt of psriicles of noble metals ae silver or |
coprer and setiing up galvanic reid.

¥etallic combinstions may be unservicesble from wesr
point of view and from noint of viaew o< corvosion., The
propertles of X Honel »ere dlscussed last yerr. An
application re uired Kk NMonel to rub upon itaelf. @Galling
occurred. One of the rubblinx member:s must be revleeced
with another mstal. Bronge was found not to gall even
17 unlubdbricated, Tinniag or rcasdmium nlesting one of the
K ¥Monel surfaces 13 another methad of sudbstituting a
different metal omn the rubbiag surface. Eoth rrevent
galling temporarily. %Year of tin 1s such thst galling

+
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oceurs eventually. Cadmium plate tends to flake off
reaally. U[iffused soft solder and sllver soluer prevent
£alling estisfactorily only 1f lubricated. (Reports
344/C4 and 344/24-1).

Yhen metallic combinatione are lmmersed in electrolytes,
2lvanic cells are set un which mey cause extensive
corrosion. Stucy revealesd thet 13/5 stsinless alloy 1s
cathodlc to monel, unless secondary effects occur,
inconel, broanze, hardenec stainlees stsel, chromiuwm, tin,
stainless iron, soluer, Ctalnlsss iron lg snu-.ic or
corroded by chromium,meonel, inconel, bronze, ocut is
cs thodice to tin, Hon desirsble combinations are those
canasble of maintsining & current of sore than 0,003 ma/eq.in.
through & reslietence of T40 ohme, 3ronze with monel or
13’3 steinlees steel or 13/2 stainless slloy or 17% Cr
steiniese alloy, mon-1 with 14/8 and inconel #ith lo/3
are probably safe comblnatione in weak electrolytes,

{Re ort 780/1).
Thie arsenal has studled Jointe of lo/d that had

been made by acstyl

4]
=

e gas and by hydrogen welding.

M- _es2 wele hsed vlcexked up so wmuch carbon that the
carblnes Tormed a continuocus network sround the graln
boundaries, They could not be removsd by heat treatment.
The weld had poor corroslon reslstance. The hydrogen

welded metal however did not pilck up carbon and the
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welu was very inconspilcocuous. Heat treatment redisesolvee
the precipitated carbides in the heat affected zone and
removed the cast structure of the weld so that it was very
ditfioult to differentiate weld metal from nlate metal

when examined at high magnificatlon.

CORROSICN RESISTING HATERIALB

A study of the so-called low chromium 46 seml-gtalnless
ster]l revealed that when exposed tc the satmosphere or %o
salt sprey rust appears equally as fast as on ordlnary
steele. The 2lloy possegses moceralte properties and
excellent ductility end impect resistsuce. (Rsport W. A.
316/26).

The possibllity of improving the waaring properties
of 18/38 stainless steel by adding lovor quantities of
Celeniuwa than ususl was lnvestigated. Low Selenium 18/8
stainlese steel waes found infarior vo Monel Hetal for
piston rods. By inference it will nct be aultable ror
recoll cylinders. <The presence of only 0.1% Selenium 1in
18/8 has slight effect, 3.f any, on trensverce impect
propertiee but has e slight effect upon trensveree ductility,
(Report W.A, 316/£4).

The use of reesistal £ carbon which le & high Sillcon.
18/8 composition se a Girect substitute for steels for

piston rods wae inveetigated. After followlng manufacturer's



recommendatione for forging and annealing, the physical

Ll Wb

properties were found to be too low., Thile material could
not be consldered as sultable for the purpose intended,
(Report ¥.A. 318/23).

A study 1s in progress of the properties of stainless
alloys containing 18=-2C% chromium and 1 - 3% Rickel. Thils
alloy 1s amenable to heat treatment and posseeses good

ductlility and impact properties. Proportional limits between

45,000 p.s.1. and 110,000 p.2.i. are obtailneble, The alloy
2 is spvarently sup-rior in corrosion resistance to stalnless
N iron but 1s not &8 good as lo/8. It is cathocic to

{protected by) bronzes and for that reason is considered

better than stainless iron for ordnance purpos-s (Report
316/22).

A8 a result of a rather extended study, 1t was concluded
thet zinc base dle castings conteining 3.5/4.3% aluminum;
0.03/0,08% Magnesium and balance high purity szinc appear
sultable for orénance purpcses requiring many duplicate
parts whose dimensional tolerances are nominal and whose

dimensions are not large. To lmprove the corrosion

witatl b b

= resistance & dlchromate film, applled by dipping, appears

satisfactory. Other compositions ars available, but they

(il o ol

usually contaln copper which increases the tenslle prorerties

but which acceleratess the agelng and the dimensional changes
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which accompany the agelng. A specification (WXS 8) has
been written around the composition considered most |
satiefactory. (Report ¥W.A. 671/1)

An investigstion of the properties of sand cast
Monel Metal and some of 1ts newer modifications revealed
that the surface ;t regular Monel sand castings ie better
than the surfzce of Silicon Monel Castings. The physical
properties of the castinge submitted (and not of caet
test bars) were variable and in general were lower than
called rfor by specification. The addition of 2 1/2%
S1licon increaeed hardness slightly, decreased ductility
and impact. The addition of 3 3/4% Silicon incressed
hardness and tenalle strength materlelly, and decreased
machinability, ductlility and impact to very low values.,

Cylinders of stainless iron can be successfully
centrifugally cast. Heat treatment, to obtain sulitable
properties 18 not as straight forward as it appears. One
casting that wae studied after having been given the usual
heat treatment was found to be non homogeneous in structure,
containing much delta iron. The corrosion redlstance was
not satlisfactory. Refinements in heat treatment are

necessary. (Report W.A. 314/467).
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Several new bronies h:uve ecppeared on the market.
Samples of some h-ove been obtained for study shich has
not'been conrleted yet.

A study of lnereased Yzgneslum Yornel Metal is under
wey. The metal 1s beling ﬁsed for guns. Tenslle strengthe
are ~uite high ns 170,007 1lbs, ner acurre inch for 8" fore
ging, wlth good ductlility. These nroperties are obtrined
by cold worklng, Investigsation of the zbility of this
metnl to sbhsorb energy 2t verious sveeds is being csrrled
out.

Corro£lon in recuperator mecharisms using glycerine
solutions 12 now velng studled under service conditions.
Ronk Islansd Arsensl hss 155 mm Horitiers in storage and
this arsenal hse 12* mortazrs. The correctness of labora-

tory deteil will be checked before further develovment
work is undertaXxen,
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EROBION

In meaguring wall temperature of & gun during firing, s
maxinum temperature observed was 485°C at & point 0.077" from
surface ¢f bore and in front of the origlin of rifling. The
nuzzle end heated up much more than the breech end.

Data 18 belng collected and studles are being started of
the effect of service upon the bore of cannon. Much more is

known about nitrogen, hydrogen and carbon nowadays than be-

fore, and developments in allled flelds are such that 1t F
appears that the hardening phenomenon might be duplicated in
the laboratory. It is hoped that eventually it will be
demons€rated what the white layer is, rather than what the

S A

i

i

white layer lsz not, from which many inferences are drawn. E
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X-RAY DIFFRACTION
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Problems under investigation regard:

T
I

lat. Studlies in diffusion of non-metallics
in centrifugally cast gun steel; and
S8tudies in the distribution of streeses

in gun tubes that are incldent to processes

b i
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P

of nsnufacture,
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The preliminary surveys have been concerned with the

T i i
i

first of the above problems. One prelimlnary problem was to

e discover whether or not X-ray crystal spectra csn be used to

L

B identify s0lld non-metaelllics that occcur as ineclusions in the

cast gun %tubes,

The results indicate that the method has only limited
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,l||||vi|ﬂ|l|“||‘|||| NEM b bl i -|'lll;,: i

i
Ty

promise if it has any promise at all, but further work will be

needed before the method can be discarded entirely. That is,
no ldentificetions were obtained. The reasons for the fallure
seem to reslde in the facts that many of the larger inclusions
from which results were expected seex to be of the nature of

glasses which are amorphous rather than orystalline. Since

X-ray crystal spectra can be obtalned only from crystalline

e

substances, the method falls for such inclusions. Faint lines

were obtalned, however, which indicate that some inclusions

are not glassy. These could not be measured because of the :

faintness of response of the photodensitometer whichws used %

to measure the denslty of the lines and %o determine thelr ﬁ%

presence. This fallure of the photodensitometer, a new plece §
2
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of equlipment, was partly due to lack of proper adjustment,

and partly due to coarse gralin in the filme or other film
defects. Work 1e underway to get better grain in the films.
fpecial development technique, worked out by Edwal laboratories
in Chicago, and improved photodensitometric measurements will
be tried in an attempt to measure thece faint lines.

The esecond reason for fallure of the method lies in the
fact that fine inclusions are deposited apparently 1in sub-
critical sized particles. These ma&y or may not be crystal-
line in nature but there i1es a smallness of particle size
below which orystal epectra cannot be obtalned. Prdédsent evi-
dence indicates that the deposited particles are of sub-
oritical dimensions.

The seocond preliminary study was an attempt to discover
if, in fact, there is a variastion of lattice narameter within
the wall of the centrifugally cast gun. This work, carried
out largely with equipment at M. I, T., was quite successful.
There 18, in fact, & variation of lattice parameter in the
iron orystals amounting to approximately .03%. Thle difference
seems to be vositive and reguires explanation. Explanations
attempted in the preliminary survey seem to indicete that the
difference cannot be ascribed to residual stresses nor to
carbon in esolution. It would appear that it is a funotion of
diffusion of non-metallics. This effect will be studied quite

inmtensively in the further nrosecution of the problem.




Work in the problem of stiress distribution ies confined

at present to caleculations regarding effects to be expected.

Experimental work will be undertaken eas soon ae the apparatus

is available.
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X~RAY RADIOGRAPHY

The important research in this fleld has been carried
cut in connectiion with X-Ray Specifications.

We are paying a2 premium on X-rayed castings. Part of
this premium msy be Justifled by the higher quslity of product
obtained; part of it, however, is due to the fact thet¢ pro-
ducers have a confused ldea or do not eppreclate at all what
is involved where X-ray speclifications are applied. For in-
stence, in an order for 19 cradle castinges for 3° A. A. guns,
about two years age, 51 castings were tested to obtain the 19
required. %The cost of testing the additional castings weas
such that the government in effect pald for two castings in
order to obtaln one. In addition the casting company not only
made no profit, but lost heavily. It is considered that thie
condition of confusion should be eliminated. To this end
there 18 needed a definite education of producere ¢f X-rayed
products, on the significance of X-ray tesis.

The Arsenal has been in & position to further thie edu-
catlion because of the fact that the A.S.T.E. is sponscring
a Hatlonal Symposium on X-Ray Testing thie yeer, and the
cheirmanship of the Radlogrephic Sectlon of the Symposiuam
has been assigned to ¥atertown Arsenal. Working through this
A.S.T.K, connectlioa, an attempt has been made to correlate
present current thought with regard to specificstions, to
define in concrete terme the signlfiocance of X-ray tests, and

to present to industry the crystalllized thought znd practice

~37-
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¥ith regard to X-ray tests. The work will continue through
another year. The present work reaches a climax in the pre-
liminary reports cf the A.5.T.H, convention in Detroit in
June, 1938, At this time, preliminary reporte will be con-
sidered and plans made for the final rsports to be made in
June, 1336. Thesge reports wlll ccnsider &ll phases of radio-
graphic testing. In particular, attention will be glven tc
eatablishing definite policles wlth regard to radlographice
tests which will elimlnate confusion in the minds of producers
and to establish definite criteris for the Judgment of the
quallty of products that will be &cceptable alike to producer
and consumer.

To this end expresslons of opinicn have been asked from
about 150 producers and consumers, including the Navy &nd
Army Ordnance establishments. The final results will not be
avallable, nowever, for another year. The results of the pre-
iiminery symposium w1ll be communicated &% &n early date.
Tnase results will conslder such questions as:

1. ¥%nat things should be specified?

2. Definitions of radiographic dsfects.
3. Interpretations of X-ray negatives.
4

. Recommended forme for Specificaticns.

~-38-
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BPECTROBCOPY

During the flscal year 1354-1936, the grating spectro-
graph completed in 1934 has had numerocus valuable applie~
ations in qualitative and quantitative anslysis. ¥ith tae
&id of this instrument, the analyst has been enabled to per-
form rapld preliminary ldentifications of unknown materials
prior to wet guantitetive anaslysis. Thi: method of attack has
been useful in the analyels of unknown ferro alloys, forelgn
armor plate, monelg, ete., and particularly useful when the
amount of sample avallable for analysls was very limited.
¥here qualitative analysle alone is sufficlent, as in the mse
of metallic coatings and plates, spectrographic analysis has
been repid and positive,

In the field of direct quantitative snalysis, the spectro-
graph has been e¢mployed here in two different methods of
analyeis - the internsl standsrd r.adé the comparison methods.
The former is applicable whzre thers 1s 2 serles of steel alloys
to be anslyzed, the composition of which ie constant except
for the variation of one or more elements present tc the ex-
tent of 1% or less, (for example, molybdenum in centrifugel
casting steel). In such cases, 1% 18 assumed that the inten-
gity of the respective iron spectrum lines wlll be constant
from one steel to another under unifcrm conditlons of spectral
excitation and photography; but the intensity of the moly-
bdenur lines éill vary in accordance with the sxtent to which

that element 18 present 1 the steel. Therefore, the intensity
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ratlo (determined by the photodensitometer) of any convenient,
sensltive molybdenum line and a nearby iron line 1s & function
of the molybdenum content of the steel.

Uring this internal standerd principle, Lt. J. W.
Hansborough, in hie thesis research, has attempted tc estab-
lieh calibration curves based upon a series of steel standards
of known molybdenum content. VYery accurate control of the
analysis of the standards ie necessary; further checking of
the standards remains to be done. The same method can be
extended to cover other alloying metals, such as niokel,
chromium, vanadium, etc. Using eimilar methods, Lt. R. H.
Coombe, in his thesls work, has investigated the diffusion of
molybdenum in multiple pase butt welds of ,50%f molybdenum
plate and plain carbon electrodes by spectrographic analysis
of a condensed spark localiied on the tips of pyramide uut
.10" apart on tr- face of the weld cross-sectiona. He found
that the concentration of molybdenum in the weld varies from
layer to layer but is remakkably uniform in each layer.

A second method of spectrographic quantitative analysis
1z based upon the comparison of the spectrum of material under
analysis with the spectra of synthetic standarde contalining
known concentrations of added impurities. This method is
applicable to the inspection of purchased material whose
specification requires analyeis for very minute traces of im-

purities. An approximate analyesles of a very pure grade of
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commerclal zinc was made by visually comparing its specirum
with those of three synthetlic standards consisting of chsm-
ically pure zino with five different added impurities, the
first containing twice the maximum allowable agount of the
five impurities, the second contalning exactly the maximum
and the third containing one-half the maximus. Similarly,
bouchon zinc base dle castings were spectrographically
analyzed for traces of cadmium and iron by the comparison
method.

Another interesting application of the comparison method
is in the determination of minute amounts of residual element:
in gun steel, with the object in mind of correlating their
presence with physical properties of the steel. Preliminary
spectrographic work has indicated the presence of traces of
tin in gun forging steels tested, and a serles of synthetic
standards of tin added to acid solutions of pure iron are

now being established for its determination.
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GUN FORGINGS

in the stufies of ¢ J .gs a connection was defintéely

estaeblished between mac. ° sructure anc heet treatment of the

metal. The particuier charecteristics of well $rested metal
N subjected To lcng normalization &t higher temperatures were
escertained experimentslly. They served as a guldiag feotor
in developing and establishing heat treatment procedures far
centrifugal castinge for canncn; for various forgings; and
with greazt success, for working out propsr trestments by one
N of the manufacturers of gun forgings for 158 mm. cannon. 3

ation for msorcetehing, which nermite the

¥H
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study and reglistration of time and temperature factors during
etching, 1t is believed that practical resulte lesading to the
proper conirol of heat treatment and the possibility of dis-
tinguishing the quality of forgings or castings will be accom-
plished. That problem 1in its final znd definite form, has not
yatl entered lnto the scope of the work, but preliminary mater-
1sl 18 accumulated in sufficient quantity and the method of

attackling the problem, as well &c its practieal possibilities,

ars now clear.

Tha aponlication of the macorcetching method of inspection

to the gun forgings for 105mm. A. A. guns and 155 mm. guns,

procured auring the year, afforded an excellent opportunity to

test and develop the principles and oconclusions found previously.
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when the method was applisd %o gun forginge of gmaller esaliber.
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Tre practicai usefulness of the method waes finelly established

and confirmed in all stagee of cannon manufaocture. Partiocularly

interesting is work, which cannot yet be considered as completed,

on setabliishing the relation betwean the macrographlic data ob-
tained from the maoroestching test and the defects that appear
in the gun forgings as they nass through vsrious stages of

manufacture, particulerly the cold working process snd final
machining overetions. Determination of the connection between

theee defeote and varicus facters in the menufacture of forg-
ings wae definitely esteblliched.

¥ith a definltely worked ocut wethod of nusks, determining
the limite of useful metal constituting the gun body, 1t is a
comparetively eacy metter to mske preGlctions regarding the
sucoees with which a forgling c¢en peee various etegee of manu-
fecture; 1t 18 also er>y to predict the charscter of the frac-
turee to be expected in physiczl testing &nd, to s certain ex-
tent, to predict relative vzlues to be sxpected in that test.
The causes of “laminsted fracture®, of "woody fracture", of
“ehake-like condition", of ®"white streske®, of sand-splite®,
of “crack-like formationa® st the edges of forginges, of dark
streaks appearing in the bore on cold working and on the sur-
face of the guns after final machining, ars, 1% is belleved,
well estabhlieshed by observatlions of the guns passing through
laboratory control and manufacture at ¥Watertown and Watervlist
Arsensle. Preliminary work in that direstion was done during
previous years, but a final development of the methnod and de-

cigive studles were msde during the past year. It 1s under-
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#tood that further accumulation of observaticns and data will
only strengthen the conclusions already mede, and this is
highly desirsble in the interest of further piogrese in the
menufacture of cannen.

Uonsiderable time wae devoted to & thorough study of a
defect known as "flakes", which gerves &6 one of the prinei-
pel causes for the rejection of & very large number of forgings.
Particular opportunity to study this question, highly important
in the nenufacture of cannon from forginge as well as from
centrifugally cast metal, was afforded by the submiseion of
meterials snd dava by the Navy in connecilon withk some Navy
gun forgings. %hile experimental study of the question was not
extengive, ths study of practically all evellsble llterature
(in English, French, German and Kueslan) wae carried out. The
experimental work done at the Krupp VWorks, beginning in 1505,
well explaing the bold use by the Germans of such steels for
the manufacture of guns and for verious ordnance requirements,
which were avoided by other countries. The study definitely
indicates the necessity of putting the heat treatment operation
in gun forging menufacture on & highly scientific and up-to-date
engineering basis, with proper attentlion tc furnace equipment
and technical personnel. Apparently, further developments in
gun manufacture will be cloeely connected with these factors,
It 48 intsresting to note that apparently the methode of in-

gpection of metal under procurement for canncn, as gpplied now

at the Watertown Arsensl, give sufficient protection against
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the ,unexpected appearance of defect flakes in verious steges
of senufacture and cause no belated rejections.

The macrographioc studies of gun forgings were sloasely
connected to studiee of the vame character on centrifugal cast-
inge for ocannon as well as for experimental work used in de-
veloping this method of gun manufacture.

The correlation of chemical composition with the manner
of orystallizatlion and diatribution of various zonge of crystal-
lization and dietribution of varioue ronee of crystallization
resulted in the lowering of carbon content in the metal in
order to oobtain a more homogeneous structure and %o excluds the
presencs of undesiravle interdendritic volds forming the seat
of defecis leadlng to unsatlsfactory fractures and irregularities
in physloal properties. In connection with experimental cast-
inge, the studles resulted ln establishing the fact that with
highly elloyed metal for centrifugally cast guns, it 1s necess-
ary to oconsider bhettuer practice in cooling the metal immediate-
ly after ocasting and, in such further operations, where heating
and cooling of the castings are involved. The appearance of
flekes will follow any lack in proper proJedure in such cases.

Considerable study of the material avallable froam the
manufacturing datsa of ocentrifugal castings,together with add-
itional observations on castings and guns at various stages of
manufecture, inoluding systematic boroscopic examinaticn of i
bores before and after cold working, have led to establishing
quite & definite theory on the procese of freeszing of the
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antal in the oentrifugal proceas. Particularly important is
the part plared by the formation of 00ld shuts of various mag-
nitude: thie conneots definitely the success of castinge with
suoh faoctors as preheating of molds, proportioning of pouring
rate, tiumperature of metal, etc. It is interesting that a
certaln »narallalisn wvas ostablishad in the defectes of gune
rorg?d and guns cast centrifugally. Further msorographioc studies
of the whole subject are essential for the develovment of this
method of maaufacturing cannon, an especial point being the
changee in structure caused by changas in profiles of the noldl
and the effect of such ochangee on the nroperties of the cast-
ings. In that respect, consldsreble nmaterlal for study was
presented by the manufacture of 171 Navy guns carried out by
tne arsenal. 3omes deofinite conolusions were resched, hut further
observations are very esgantial for the continued success of
the process. Carasful study and conaidoration.of the macro-
struciure of all castings 1s of great lmportance in designing
Eolds for gun castings of small and large callibers, or for any
hollow bodies, suoh as rolls. rscuperator cylinders, eta. From
the accumulation of such observations and thelr syetematizing,
it will be poesible later to develop certain general prineiples
important for practice.

The arsenal's experiments in making steels of variour oom-
positions for armor plate served as an excellent apd rares oo-

portunity to collect data on the effect of ocomposition on “he



mode of orystalliration of the metal. This first-hand
information, whioh showed the effect of such important ele-
ments as Chromium, Nickel, Molybdenum, when their content 1is
brought to comparatively high velues, represents a very val-
uable materisl for the development of such manufacturing pro-
oesses as the centrifugal ocasting of guns and the development
of the interpretatlion of macrographic inspection of metal. It
is also believed that consideration of the maoro struofure of
armor plate, in 1ts varioue stagee of manufacture, and corre-
lation of the ballistlc propertiee with thoss deta may be of
considerable value in developing desirable armor plate. Con-
tinuation of the work is thought necesazary, especially since
i1t deals with hig. .y alloyed matal, which apparently has be-
oome a necesaity in contemporary gun meking, and about whieh
there existe only very little informative literature.
Considerable interest was connested with the continusation
of studies and correlation of various manufacturing date on
gun forgings. This year, the necessary information from the
manufacturer was obtained almost simultaneously with the iub-
mission of the test metal, and thus the opportunity was afforded
to correlate prooerly the studies with cbeervations on the guns
during processing in the shops. Among other things, it ap-
peared that gun forging specification requirements for reduct-
ion in cross-secotion during hot working are insufficient. The
aanufacturers never use 2s low a reduction as 2 to i, but

riwvays & oonsiderably higher value. Variations in the oompo-
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nition of the metal do not present any Aifference in aversg«
physiacal properties, the prinoipal differmsnos apoarently

lying in the affectsn on mecrostructure; in the easne of hot
working, and the manufacturer's habit of using that éompositicn.
In this oountry, the variatlons in the auethod of nanufscture
(casting practice, forging, heat treatment and even sampling
onserations) are such that the manufacturare clearly demonstrate
the lack of sufficlent experience in making lerger gun forginga.
Apparently, the neanufacturers often punish themselves in not
conrldering in greater detall the proocess of manufacture and
not having more suitable equipment (furnaces, preeses, molds,
etc.) for manufacture. This fact, of courae, reflects on

price and deliveries of the forgings, and also on the tendency
of manufacturers to pasa through uneatisfactory forginge.
Substantiel confirmation of these points was glven by study

of the materials in the Navy guns mentioned abcve. The prin-
cinal cause of defeocts of so many forginge and all the trouble
involved should be oconsidered as the unsatisfactory techniocal
treatment of the problem and laok of experienoce, and, there-
fore, knowledge of the subjeet.

Quite an important development was firsly established in
the technique of study and inspestior. of guns during the pazt
year, A series of preliminary observations and ernerimente
olearly indiocated the desirabiilty and Jonorate pousibility
of applying the maoroestoching methcd to the invastigation of
the finished surface of the hore of the gune, without poseidle
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Injury %o the rifling. This yesr u dafinite experiment war
sade on several guns at Watervliiet aArsenal by the rstafrf of
this arsensl. BSuitable plugs nnd o method of introduction of
ilaulde were devinsed wo that only a definite portion of the
vore was nffected., The necenssary incpection and measurements
crere osarriead out by Auntervliiet Arnenal tc¢ prove that sfter euch
trestment Lhe curfuaces of the bore remninad in satisfactory
oonditlion for seervioce., It Lis belloved that thene experiments,
confirming completely the previous ctudGliss, open a new way for
practioal experimental etudy ofumany questions connected with
the design and manufacture of cannon. The above is esnecially
true if the methods of boroscopic examinations and recording
of results are brought to up-to-date gtandards.

Studlee of metal for breechbloock fofgingu, which are
oarried out in cooperation with Watervliiet Arsenal on stock
proocured for actual manufaoture, were continued with eome def-
inite results, important for immediate application. It was
estsblished by mecrostching methods that consideration of the
length of the stock, together with the maorographic nicture,
preasented by tw test metal slebs taken at the extreme ende oy
the stock, 1s an essential factor in selecting the stoock. Do~
finite dats for s specification in that respect were odtaincd.
1t showe that the length of euch bar under procurement shouid
not be more than 6-8 fest under usual conditions of working.
It further showed that reduction under the hammer ie not deeir-

able, and even when applied after reduotion by a heavy prese,
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it war superfluous., Heductions under press glive excellent
reeults, when ocarried far enough to produce homogeneous
maocrostruoture with practically all dendrites disappearing.
A maoroetching test, ne now modified by VWatertown Arsenal,
together with production data furnished by the manufasoturer
at the time of submitting test metal (in acocordance with a
special quectionaire prepared by the Laboratory) allow not
only &n estimation of the suitability for the manufacture of
breechblock metal, but also make possible the saving of a
oonsiderable .part of the unsatisfactor; stock by indlcating
the length to be dlscarded.

Yhe method thus developed io already in operation
(although further studies are oontinued when the opportunity
presonte itself) in order to establieh more exactly the lim-
its of variation from an ideal macrographic structure, and
in thies manner preparing certain margine for future necessity.
This work ie¢ important for immedlate application; 1t wase
found benefioial by the Watervliiet Arsenal and attracted the
interest of the Navy. By necessity it is slow, se the ro-
sults are founded on actual manufaoturing data, beglnning
with the proourement atage and ending with the final behavior
of the breechblooks in service. This yesar, investigation
included breechblooks for 100 mm. A. A, guns,

In order to expand the application of the macroetehing
methcd and to allow ite subetitution for less appropriate
frasture tests, special experiments were made to oarry out s

maocroetohing test on ordinary surfaces produced by sawin; off
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the endn of pleces of metal, The rasults indianted oom~
nlete annlioability of the method in such osses, This funt
desnerves partioular attention in conneotion with mpecifica-
tions for the nrocursment of ntook for shells at any stage
of its manufacture, 4 complante development of - definite
method for this particulnpr case wiil teke very little time,
in view of the material scoumulsted in previouns ~tudles,
Mieh grantor uniformity ~nd rollsbility in cuality of the
materisl for shells will be obtrined by the substitution

of macroetohing for fracture teast,
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The latest nrrctise 1~ 5 recelve =t the anme Lime teat
dlvgs are submitted the comnletr metoliurgliesl history »f the
forging under oonslideration. In this manner “he nhyeslical tert
tnd maoroatructure sre ieflaltely correlnted -t snce, and their
caunos determinad, “hen vrlues sre not un Lo -ecifiention
tandarie, susmesrtionn are 9% “ered for Limrovement of the ori-
#inal neterdinl, The reaunlt hes bwan thet the m=nufsoturers
meet the time limit for ¢alivery much brtter than in erplier
yornras, ant alan fover forglmgs src heing mrde for sny one order,
Two companies made a totnsl of 16 forgings for & delivery of 16,
while one other commany mnde only 15 forgings for n delivsry
of 12 forgings of large nlze,

Investigations were mnde for the Navy Departaent on de-
fects found in recently finished gun tubes. It wee observed
that with ths nressnt Ordnonce Department prooedure, whioch in-
ocludes mneroetching, metal containing flakes would have been
completely rejected for uss by considering only the test metsl
shipned to this arsenal, while the dbody of the forging was
still st the manufaoturer's plant.

Routine inepection of purchase order material indended
for ssvare service has broadened to iriclude dreecchblook asteel,
tool stesls, stainless cieala, all types of monel metal and
bronzes. The result has been that thers is nractioally no

rejection of defeotive material, and manufsoturing schedules

Are more oasily maintained,
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Ar:zenal ing te and forgings wer: studisd ani thelr re-
sults oorrelated with nurolinied forgings in ordar to ostabe
1lish the effect of nroper commosition, zmount of reduotion,
apd propar megrostructure, The efieot of varisus hest treatw
mo::te Lnoluding high temnersture normslizing were shown %0
hive n vory definite nart in chrrging the meorostrusture to
. itable snl sgcentohle gtraoturan,

Forzings of lurge aize »1ith 1imited amount of redustion
durlng hot working huave hean aoarsfully -tudied, In thia
group, sontalnar: for eold 'rorking hnve shown a murkod Lo
provement over ts> yeura ngo. The nteel wnr forged better,
had better hert trastm:nt and maorostructure, and showed
fexer areas of ocongentrsted im-uritien than esrlier sudbe

miseions,
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Among the various meisllogranhic ctudles conducted

ware examined nrlor t: h-esi irentmen: %0 =sceri-in the ~us-
lity of the met 1., The stesl =8 commerciz.ly clean but had
a decidedly bsn:ed ce~ter. This bzadin: would glve dirsctional
propertiez and orobsbly csuld nst be removed in haat irestament.
This banding =ss the result of rolling the ingot bafore it had
becoms homogenized In the soskinz =it =t the steel mill. WHo
surfzce dascarburizzsticn =zs found in any of the sonecinmens,
Tais wreviour f=ull had bsen correscted,
Several yesrs ago & high spesd steel was developed at
Fatartosn *rsenzl uring moly :denum In plsee of tungsisn. One
of the giffleulties In hesl trezting this molybdenum hizgh

ezted in an anconirslled ztmosshere

g

gnead steel 1s th=i i7
decarburization and demolybdenumizalion resultied to csach &
denth that too much grindlmg wes necessrry. Bowever, if =z
sultably controlled furnace stwosphere or borax costinz was
used, this trouble was removed., Thls type of stesl mofilied
by ths adiitlon of s 11 =meunt of tungsien Lo now s conmzer-
eisl nroduct 3019 undsr the naze of "Ho.Tung.® s zre users
of this siesl in limited ~uasntlities and since the instella~
tion of the Hsyes Certsin-Curtain furnsce, ia which the fure

nace ztmosvhere can bs controlled, we hove experimented
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v find the eorrcol stmoanhere ror thi- tyne of ateel and
ern 50 e 1A Lhe 3Liel 0 Lh't no «oftl ~dges or eurfaces
rosu b opovide . Lkt Lo stesi L 3f go04 auellty,
dafortantte ;e rrewivel one 1ot ~hioh failen or
s lisd braly Ln the nnaalne ah ne Investigstisn of the
wtral ;h,ww) th.. 1t kad beon bud'y burned in her® treate
ment, but the ste:l ~un budly »ired it vegrecnted, This
ao ohangas thy o alysla Lhut Lhe melting noint wes lowered
to taw herd tregting Lennar-tu-as, Invsmuoch 18 no MsOFoe
etoh lnnonotion ot Lo . orsvi sasly made, the hesrt treating
Apsrptoasnt 14 ast kooe that Lhe 1teel wend bed, SBeveral
boprd, thal asere in “tic "t ot yet hent Lrectesd, we¢re
maoproatehed a0 - lY ey a found bty he nioed and ragragsted;
they verec withirawn from tonck. Recommendation was made
that all tousi 3tenl baprs should be magro«tehed on bLrth ends
«8 nuprt of the acaentanage Linn-sotion,

Wonel motel onstings have bYeo: atudied with the view
of zraln refinemant hy heat treriment, Varisue heat treet-
ment.: have been tried but 5., rar Littls or n> succese hse
rasulted, The reguisr monel metsl 15 & 80lid solution and
rithout murked transformution ngints. BSuoh motale 4o not
Arsin refine Ly thernal Lreatment iun the adbsence of ocold
work, However, some uf the above castings were n:t of the
régular tyre but had additions of other elements and At wes
honed L0 cause gruin refinemsnt by therwal means,

In the centrifugal ocsatinze at timen are found numerous
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cavlties tos smsll L ~zare ¥ Jectlin .coording te the
physlesl nroverty fest , i -« thsught ~oe3ible that
auto-fretiing mizght 4lstort thece <svitl- s eno>ugh 22 thet

eracks would resuli. Sever<sl Fiscs from cold worked cefie

Jection befors =20l :ork, thsr 111 -t -~asuse trouble after

The steel wers 37 z25°  1ality znd uniformly heat treszted,
In short, nathing was Tound 15 be srong with ths metal., It
is suggestied thst lmormer clesning s ter use or improper
proteetion 4l in s-orsge was the cause of nittinz.

A sawple from 2 lathe ted w=s submitted in sonjunc-
tion with = b1 ~“or lathes received. The mekays clalmed
that the ®"ways® hsd - deep *chill® an’ thel thi:= chill would
grestly lengthzn the 1life o7 ths lathes ved, L w2g found
that the "chill® dic¢ nenetrate about 1 bDelos thes finished
gurfzce, but the "chill” only af'fected the grein snd gra-
phite size. As = metter of fact considerable mallesbllzs-
tion occurred just under the finlshed surfsce. This would
cause soft svaiz z2long the vsys instesd of & hardened sure-

fnce 88 clalimed,
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Physleal Propsriies of '<tarinls

end Hizh Temnsrsture Pronsrties
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£t the renuest of the Havy Tevnsritment, Buresu of Consiruce
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suilnhur ush 28, zireconium, titunium, etc.

{L} ork ~one durlpg the i ¥, 1924 Lndientea th-t, 1oF
¢ ’wlined high fre gency furncce:r, siliteon shouls be cdded
al ut the time the churge 1s comnietely melted and msidenese
£t some ~hort tlme theresfter - probably wbout 1/7 of the ene
tirc time ntorvel Liotwgen the tilre of anddition of the silicon
nro Ahe Ulve 2t shich the hext 12 to be twpned,

Ty such nrosedure, it "5 -"adsalble Lo increasc the ten-
gil> ~trepdsth »nd nronortlanﬂi Limit of the same steels sbout
cnd the dnerny tentile lmosot #trength sbout 17 1/77, withe
out .mn-eclubie recrazue In elongution or reduction of arca.
8tools made nfisp the methol indlentled showed amaller primary
grain size but ~2r2 not ¢ elesxn {mlorosocooically) as were
gtcels mede Lth other Jdeoxidotlon procticas,

(o) Durin- “he current ye:ir studles of the graine=ilze ree
1s4ionshiip ware = .de ~nd 11 ic no planned to carry rorvard
those pyfsoa of the »rodlem deanling with the use of audbrtitures

Por TrHEDSenanIAnend,
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il

wes found thst in the slixiy solders tested the solders that i:
oxidized badly =lac had the lowes! %tension strength ln shear

{probably cfue to more or less oxide in the solderad jolnt.)

Thls oxidation test eli-in2ted =11 the zlloys contzining

tin, znd most of the sslders contzaining biamuth sxcept thoce
3

slloyg contsining zinc olus smell 22 unic of bismath. The z0le

ders contalring tin =ere neriiculsrly T=d4 =bout oxidlzing as
the 2xide wss granulsr snd 4id not form = continucus film; in

fsct most of them <ore ne rly 1l07% oxidlzed in haif an houry

i 5 b Bt

:f end the oxide expaznded in - very norous granulsyr menner which

< 3
*g overflowed the esnizliners =zad wou 4 have rs aired = contalney ]
§ many times the size used to hold it. If{ was found that 1t wsa i
é the csdmium-tin combinstion thst wss responslible. The slloys ;
f containing zinc and bismuth Torm = continuous fllm rsther 3

guickly but once the Tilm was formed it =zcted =zs s nroteeting

Tilm nreventing faurther oxidation, or at best oxidatiocs pro=

I (e il T
R T

ceeding at a very much retarded rste,

‘m’l

= Oxidstion tests were conducted with the solders contzlning

- tin with the surface protected with melted zinc chloride. Ho

- oxldation resulted sz long s2 the zine chloride remsinsd, tut

valzatilized =2nd fumed, '™iz showed thet if

u

zine ehloride slowly v
the melted solder -urfsce was protedisd fpon the =ir o9 oxldizes
=ixh orolonssd tizs, Fovover, mackine

oy Grose mpuié Fas
soldering sondlilons sere mol & wert of #d-= seeezt&g:t:sa end
‘no further study of proteetion of molten solder was conducted,

The net resuli of the oxldstion tests, coupled with the teh. :
sile strength of soldered lap jolnts ==s that about elght sol- A

ders sll contalning zinc 'wers
L

iy

lected far further study.
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One difficuliy in tesiing with the Chorny Impsct mechine

wvss 2% onee encountered. Ths

ing the runtured tesis it

peet sirengthe had lsrge f£1

strengthe hazd small 711

Study wss conducied %

both tensile snd charpy rssulis

fillet wes =donted for subse~uent workj better resuits

tained, However, thsre are

reculires agny testis to zet
Teste ar

;W

e still bsing

ean be obtzine

tegts wii: heve been made by

renort cxn be drafted.

sLill %00 me

1
it 'mw
£
(0]

e
w

resuli~ varied videly. On study-

ing high im-

E2rs Obw

ny variations =znd this

elisble aversage.

onducted so that reliasble averages

sufficient number of

the end of this yeor 20 that &
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Document 2050

& tentalive revision of Parts I, II, znd IXI of this

= pamohilzt has been urenared for issue Lo the various ectsbe

'!'

E

g lishments of the Department for critlieism znd suggestion.
E-

= Detalls of s-eeiricstion have been brought ur to dste with

= - = = = 2= s =% e -
the several arsensls, sarticulsrly «ith reference {2 their

aponlliestions sand -resciieez, mist be inclusied in this revision
befors ii ean be of mexlimus vslus. “hen they are received and

have been incorporzied, thiz revision will be ready for sube

.m‘*!ltl'"»,l'!."wﬂhw:‘ e "
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B
2
:

w

-6~




ST

4
b B enns?

Ry et

AGTIVIRIRS WITH TUCHHI “Al, SOCIETIVS

3atiafactory forms of cantacts sre avallablas wmith the fol-
lowing Technieal Sncleties in the subjects listed by membershin
of ‘the laboratory aizff on technical comniticesy

Americen boolety Zor Pesiing E=terisls: Commltiees 4-1 on
3teslas, A-4d an Hent Tre:tmwent of Ircn snd Stesl, A=H on Coreos
sion of Irop =nd Steel, £-92 ou Ferro Allioys, A-10 on Iron €hro-
mium, IronoChromlum-Nickel and Related A iloys, B3 on {orrosion
af Hon-Ferrous Hetals and Aloys, Be6 on Bie Cast Hatale anéd Al
loys, E=1 on Hethods of Tesiing, and thr Joint Comwltiee on -In-

veatigation of the Effect of Phrsphorus snd Sulphur in Stzel.

Amarican Welding Sovclety: Comsities on Pundamentisl Reseuwech.

American T.ititule of Wning and detsllurglcsl Enginesrs -

Iron end Elesl Divislion - Hamufooture of Alloy Stesl =ixd Honwle-

gtruoiive Tezting.
Weldling Ressarch Comsittee of Sngineering Found-tiong

bershin in Coms iice and of Sub=Commitive on Hasearoh Heojescts.

Hetiw

=k

This insuresa contacth wlth prseguren setlivitiese of ihe fcepiezn

Yelaling Socletys
Soclaty of Automoiive Engineers - Irom and 8tesl Division

{through consuliant).

The utilizatlon. of the cuntagts have bLasn most unsstisface
tory beczuse of lack of funde far Lpavelys If the Deparisent e
¢ sscure vractlonl reaulds from sotirities of nationmi teahnle _

b :M," ,‘r‘ epiicilh

oal orgsnizaliong, assoclation and direst eonsuitation ayre es-

sentlal. Thic Jawolves Lravel exnenss.,

= TN

C e e = w— e
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Owing to the necessliles > tn< “ree al beeruse 27 ine

eressed zctivities on production »nrv
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activities emmloying Emergency Fellel l:.bor, commissioned ~er-

rmor 2l-te Sectln~ of the Laborstory, and

gt th= =nd ¢ thi a>nth 17 bs relleved from the Centrifugel

Casting Zeection,

offlesr, &« susll

Fork Ssetior, ring the yer~ a3 comriesioned persinnel hss

been s¥val. “le for execuilivs ~utlie>: in the Laborstory. The 2o~

gltion 5f Labor=ztory Dirsctor ha  bees filled by the Coamsnding

2fficer in ad-ition {0 his gther dulles., Ynless commisgloned

l1ified ecivilian

nloysd s8 Agsi=tant Tabhorstory Director.

The ecivilian stsf? has been lneremzed by » Metallurg

w#hoe L+ belng ass

tivities involving ferrous 21loys, other (San nof=garrocive sl-

loys

o

traininz in ths

sesreh zctivitis

~

£443i4lonal

Wy

bzdly needed In

< gun &ll:

Foun 'ry =2 =z melter, zho will be asssigned re-
g involwing meltiing nrograme,
osrofessionzl nersonnel of the Junlor Srade sprs

zach of the Tollo=lng sectlions:; Physiosl, Chenmie

esl, znd Hetallograohle,

i

nroner atl

ilizatica of ewperienced wnersonnel on disfpzetion

~68=




[$3]
b
o
e
Y
i1
! -
G
A
x4
[
5
B
[
e
11
s
@
»
il
\».%
o
8
b

and other ohysieal work is

”
4
()
(]

of ascistaznce in obizining ecxverimental dats on curreant
g??x,gg .

mist in charge of

Sneel Sunior chemizt is

%o

badly needed Tor ecurrent znslytlesl ork in the Chemical labors-

tory.

g

- P
Sgms AsLoi

N

isborastories.

rugacy of the

13
]
=
&

o
L]
ik

=
=

DTS VSR P
(113 1
ok
il
oy
oy
»

e

Vi gt




i
i

i i,[ i [ i

T TT—

il ‘I;‘ ||}lt i L‘

T —,
it !\Il‘j i [‘.,,HFH i ihllH

/

LTI VPO R PR 1) oy

:

.
A T R o2 X o, o

I/

o k lmtan i ket

A
P

[T

PP

Daring the yesr mlnor me:ifiestions heve been made in
buildings by Emergenocy Re'lef Labor Lo =~ermit = betitsr utilli-
zetion of soulpdsnt. The —esirogr=z hie z=neratus, plriing

e~ruirment, -n: micrs<canes areures :aring thes nrevioueg yesr

.

et Met- llurgi-si alorisconeg recentily brought oul
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1.6 numerical aneriurs.
A bassemsni 1= b-ing Tinlivhes by =s~1ief labor under the

uss 5 & laborsts ine-

volvine hizh iteowmwerlure ork. Ensce 1 “wing orovided for s
dilstometar, which it 1= hored czn e obizined 2t asn eari
¥
date, and for furnzees of l=barstory Ly—=e Zor hest tresiment
3 W

and other hot nmetel vork. Foyroed ventlilatlon in this lzbors-

sunnly. To commlets the instellation - small molorese
568t or rectifisy for orovidiaz direct current is still

obhtzined. Congidersbles 8ifficuliy hes besn exnerience® o=ing

svelilable,
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Additional eouloment is ve uired esnecls 7 for eritlesl

meliing, microe
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chemicsl analysls, fatigue te-iing, wesr fLesting, snd some

of -hysical te ting. It i- =ls0 dssired Lo itzke further
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111.2/%

130/1
145/1

318/457
3h/b57-1

314 /858
31h/h58-1

315/2
315.1/6

315.1/7
333.274

3kh /22
304 /2h

344/ ok1

38h/26

LABORATORY REPORTS FISCAL YEAR 1935

The Testing of Hetallic Materials ¥with
Farticular Reference to the Tensliom. and Impact Test.

Enowledge of Grimding and Polishing Opersation.

£lsotronagnetic Method of Hon-Destructive
Testing.

Centrifugally Cast Stalnless Iron for
Recoll EHechanism Cylinders.

Stainless Iron Centrifugal Casting C-U57
To Determine Reasons for Variations in Properties.

Development of Alloy Stainless Steels C-458

3tainless Centrifugsl Casting C-USE,
Supplementary Raport

Cracked Special Taper Reamer; "S%* 2, A,
Havy Gun Zount Pluager Cylinder.

#olybdenum High Speed Tool Steel
Cyelops Steel Co., P. O. 8893,

Fallure of High Speed Tool Stsels.

Investigation of Chilled ¥ay on
Lodge & Shipley Lathes.

K #onel EHeltzl; 1Ite Tensile Properties
and Heat Treatment.

Wear Test of £ Hon2l Ketsl - Part I
#iped Tin srd Diffused Cadsiua Coats.

Yiear Test of K Konel - Part I1. Effect of
Tin, Solder, Cadmium, Silver Solder, Bronge
and Varlous Lubricants.

Cold ¥%orking 18-85 Stainleass Zteel Bar by
Longitudinal Stretehing.
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345/5
610/1

613/127

635/12
6l2/70
gh2,1/27

6h2.3/1
6h7/2

647/3

¥acrographlic Study of Silver Solder om Steel.

Hotes on Forging Temperature and Smith Shop
Practice.

A study of the rhysico~Chemical Transforustions
in a Liquld Mass of ¥etal Camgt Sclid and
Subjected to Centrifugal Foree during 20l1idifica-
tion of Centrifugal Castings.

Centrifugal Tube Castings C-368, C-48Z and CU83,
Butt ¥elds, 1/2¢Y Structural Eickel Steel Plate.

£1 mm Trench Mortar Base Plates,
Examination of Feld Fraatures.

High Current Zutomatic Welding Process,
Single Pagas %elding in ¥etal 3/4° Thick.

Sepair of 5%/38 Cal. Havy A& & Castia% by
Are ¥elding {Bare Flectrode) (£315-36].

Repair of 5%/38 Cal. Casting by arec ¥elding
{Covered Eleetrode) (K590-1 and K725-25).

649.1/3 Comparison of %-pay Tests of Spot Felds with

689.1/b

671/1
710/16
710/17

710/20

710/22
710/23
710/84

Tegts of the Same ¥elds made by lagnetle Anelysis
forp., Long Island City, K. Y.

Gomparison of X-rRay Tests with Hagnetic Tests
of Zpot ¥Yelde.

Zine Bgse Dle Castings.
Light Arzor Flate Abstract of Reports of Tests.

Light Armor Plate BSummary Sheeils, Abstracts of
Report of Teats

Kanufacture of Bullet-Resisting Ball EHoumt
Cestings for Hedium Tankg, T3iZ2.

Report on Sprayed Fase Armor Plate.
2ad Report of Testa of Composita Flates.

3rd Heport of Tests on Couwposite Armor Plate.
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7i0/26

710/27
710/28

J“. 1’4\1 il | i‘,, i fil i

710/29

= =

710/30

710/%2

710/33
710/3%

I
inple 'l I i l‘ll"‘l ‘!v Il

710/k2
730/3
731/%

782/5
745/1

751/12
780/1

2nd Report on Spot Weld Seetional Construe-
tion for Light Armor Plate.

Construction of the Armor Plate Test Range.

4th Report on Composite Plate G15 to C1§,
iire of Specielly Hardemed Froat Plates.

5th Report on Composite Plate C19-026,
Change of Spaces and of Imner Haterials.

6th Report on Composite Plates 1C-1 and
1¢-2, The Use of Insulating Haterial.

ist Report on Grooved Steel Armor Plate,
Tests of Grooved and Fluted Plates.
Confidential Report

Armor Pilerciang Bullet Core Stock.

znd Report of Test Spot Felded Joints
on Armor Plate.

The Effect of FNormalizing Armor Plate
Ingote for Homogsneous FPlate.

The Adaptabllity of the Gogan Brinell
Hardness Testing Machine.

Armor Plate, B«8-F Alloy, Submitted by

Republic Steel Cagtings, Inec., Reading, Pa.

For Official Use Only.

Grooved Armor Plate - For Officlsl Use Only.
Inspection of Bore Surfaces for Cold Work Defects.
Confildential Report - An Investigstion of

Erogion in Rocket Hogzle Throats Caused by

Powder Gases at High Temperature and Veloeity.
Corrogion of 3* & A Gun Hount #2 #5.

Repert on Condition of Right Equilibrators
from 3* A A Guns ¥l #1 and #3, Ex.0, 76-4202-C3.

The Effect of Glycerine Sclutlions on Ketels.
Partial Report on Galvanie Corrosion of
Corrcsion Resisting Steels.,

~The

.t MW.;.
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210/5 Relation between §§ati and Dynamlc Load-
Compressicn Froge rtieg Copper S¥linders.
s12/2 Tension Propsriieg of G entrxfugg? ty Cast
Yolybiznum-Venadiua Gun Stesi at Sigh and
A Low Temperalures.
€12/3 Pension Provertiss of Centrifugally (ast

¥olybd saas-?ane ium 3teel Uged in the
yapufscture of 1%.1 Gung for the Havwy Deypt.

The Use of ¥n & 81 in Steels Hade in

1335

acia-Lined High Frequency Furnaces.

study of Heat Treatment Praatice Used
in Banufzeturing Centrifugally Cast Crapon.




